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Parametric amplification of a multimode superconducting cavity have been recently proved to be a useful source
of bipartite and multipartite mode entanglement [1]. A particular instance is the well-known case of the dynamical
Casimir effect (DCE), where the parametric amplification is provided by a non-adiabatic modulation of the bound-
ary conditions, which turns into two-mode-squeezed entangled mode pairs [2] generated out of the quantum-field
vacuum. This mode entanglement can be also swapped to a pair of superconducting qubits, where each of them
interacts with a single cavity mode in a separated pair of cavities sharing a common wall which undergoes DCE
modulation [3].
An important practical advantage of superconducting circuit architectures is the wide tunability of the parame-
ters, which allows them not only to reproduce quantum-optical schemes in the microwave regime, but also to reach
unexplored regimes. This is particularly interesting in the context of analogue quantum simulations. Indeed, the
DCE can be seen as an instance of this approach, since it is the possibility of ultrafast modulation of the external
magnetic flux threading a SQUID which enables the implementation of mirror-like boundary conditions moving
at relativistic speeds. Along similar lines, related quantum field theoretical effects such as the Unruh effect – the
measurement of thermal radiation by a detector uniformly accelerated through the quantum vacuum– can also
be considered in these setups. In particular, a single-mode version of the Unruh effect –called ”cavity-enhanced
Unruh effect” or simply ”acceleration radiation”– was introduced by Scully and collaborators in 2004 [4–7]. In a
quantum-optics setup, this would be just a gedanken experiment, due to the impossibility of achieving the required
accelerations. However, in this talk we will see that it is possible to realize an analogue quantum simulation in a
superconducting quantum-circuit architecture.
We will show that the modulation of the qubit-cavity coupling strength can mimic the variation of the coupling
strength of a two-level atom traversing an optical cavity as in Scully’s proposal. Coupling tunability is a feature of
several superconducting qubits. In particular, we choose a modified transmon architecture, where the tunability is
also provided by a SQUID, as in the DCE. As a result of the simulated motion, acceleration radiation appears [8],
giving rise to interesting features such as entanglement generation and non-trivial modifications of the emission
properties [9]. Moreover, even effective superluminal qubit motion can be simulated, giving rise to a new form of
radiation, which is a simulated Ginzburg radiation [10]. It is natural then to ask what are the effects of this virtual
qubit motion in the generation of entanglement by means of the DCE. We analyse this by adding to the setup
of [3] the extra ingredient of coupling tunability in order to simulate the qubit motion. We find [11] that generic
motion would break down the synchronization in the absorption and emission of the DCE pair by the qubits,
resulting in a dramatic decrease of entanglement, as compared to the scenario where the qubits are static. Only
qubit trajectories which respect the synchronized absorption and emission of photons preserve the high degree
of entanglement generated in [3]. Besides the technological applications as entanglement source, this scheme
suggests an interesting link with the notion of simultaneity in special relativity, opening the path to quantum
simulations of textbook gedanken experiments conceived by Einstein.
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